T he first decade of the 21st century has witnessed a paradigm shift in the surgical management of pancreatic necrosis. [1] [2] [3] Stimulated by the observations that the traditional operation of pancreatic necrosectomy produced a major insult with attendant deterioration in organ function related to the intervention itself, 4 alternative minimally invasive approaches have been developed. These approaches, predominantly utilizing either retroperitoneal nephroscopic debridement or the laparoscopic/endoscopic approaches have been demonstrated to be safe and feasible. 2 As these techniques mature and become established, attempts at randomized comparison with conventional open necrosectomy are underway. 5 However, in many of the units that undertake minimally invasive necrosectomy, the open operation is reserved for those patients in whom other approaches have failed. Therefore, it may be that the poorest outcomes will be seen in those patients undergoing open necrosectomy as individuals with more easily treated necrosis have been managed by minimally invasive approaches.
The management policy in our regional Hepatobiliary service incorporates modern multidisciplinary care and uses evidence available from fine-needle aspiration (FNA) of necrosis to guide intervention. 6 In keeping with Mier's study, 7 surgical intervention is delayed until beyond the third week of the episode where possible and we use aggressive radiologic imaging and drainage of collections before and after open surgical necrosectomy. The operation of open necrosectomy has itself evolved in our unit as it has in other centers and is focused on blunt debridement of necrotic tissue in the lesser sac without synchronous additional interventions. 8 The present report provides outcome data on a contemporary cohort of patients with severe acute pancreatitis treated by open necrosectomy.
METHODS

Design
This is a single center cohort study reporting outcome in a consecutive series of patients undergoing open pancreatic necrosectomy for postinflammatory necrosis.
Setting
Patients were admitted to the critical care unit of the Manchester Royal Infirmary and cared for by a multidisciplinary team comprising Hepatobiliary surgeons, intensivists, specialist Hepatobiliary radiologists, and other supporting clinical and nonclinical personnel.
Patients
During the period January 1, 2000 to July 31, 2008, 1535 patients were admitted to the hospital with a final discharge code of acute pancreatitis. These patients were identified from the medical records department using the ICD-10 (the International Statistical Classification of Diseases and Related Health Problems) 9 diagnosis code K85. Of these 1535, 148 (9.6%) were admitted to a High Dependency or Intensive care unit (level II or level III critical care support, respectively).
10 Twenty-eight (1.8%) of all admissions underwent open surgical necrosectomy and constitute the study population. Open necrosectomy was identified by the OPCS-4 codes J56, J57, and J58. Case notes were retrieved and data extracted on the following: demographic profile, clinical profile of episode of acute pancreatitis (etiology, APACHE II score), organ dysfunction on admission, before surgery and after surgery, use of radiologic intervention, nature of surgical intervention, and final outcome. The median (range) age was 51 (20 -77) years and 16 (57%) were male. The etiology of the episode of acute pancreatitis was related to gallstones in 14 (50%), alcohol in 10 (36%), and others in 4 (14%). Twenty-four (86%) were tertiary referral patients.
Management Policy
In addition to standard critical care organ support, we used a multidisciplinary management policy to care for these patients. In general, we used early contrast-enhanced computed tomography (CT) to provide confirmation of diagnosis and baseline assessment of presence and extent of necrosis. In patients with stable organ dysfunction, initial FNA was not undertaken until beyond the 10th day. Sterile aspirates were repeated at least weekly in patients who continued to require organ support. Fluid collections in the lesser sac, persistent beyond the second week of illness were aspirated under ultrasound or CT guidance and if the fluid looked purulent, drains were left in situ. In those patients who progressed to require open necrosectomy, the radiologically placed drain served as a guide. Recurrent intra-abdominal collections after necrosectomy were again managed radiologically.
Technique of Pancreatic Necrosectomy
There was a standardized approach as follows: a recent CT scan was used as an operative guide to incision placement. Either a short epigastric midline incision or subcostal approach was used. In general, a left upper quadrant subcostal transverse incision was used for those patients with predominantly left-sided necrosis and a midline for individuals with necrosis of the head of the gland. Access to the lesser sac was usually obtained through the gastrocolic compartment. After drainage of pus, hydrostatic debridement of the necrotic tissue was undertaken with the goal of leaving no residual necrotic tissue. Formal mobilization of the paracolic gutters was not undertaken. In the majority, a feeding jejunostomy (Frecka FCJ Fr 9; Fresenius Kabi AG, Bad Homburg, Germany) was placed. Pancreatic necrosectomy was combined with cholecystectomy if access and mobilization were thought to be safe. Postoperative closed irrigation was performed with wide bore drains placed in the lesser sac through separate small incisions. Packing of the abdomen was not routinely employed.
Statistical Analyses
Data are presented as medians (range) and nonparametric tests are used for comparisons unless otherwise specified.
RESULTS
Organ Dysfunction Scores
The median APACHE II score on admission was 10.5 (5-26). Median predicted mortality based on admission APACHE II was 12% (range 6%-57%). Median logistic organ dysfunction score on admission to critical care was 3 (0 -10). Median LODS score after surgery was 2 (0 -8). This difference was not statistically significant (P ϭ 0.27; 95% CI Ϫ1 to 3; Mann-Whitney U test).
FNA and Microbiological Profile
FNA was undertaken in 21 (75%) of the patients undergoing surgery with a positive result in 15. Thus the decision to undertake surgery was based principally on FNA results in 15 (54%) and on clinical criteria in 13 (46%). When the results of intraoperative microbiological samples are incorporated with the preoperative FNA results, bacterial and/or fungal colonization of necrosis was identified in 23 (82%). Escherichia coli was the most common isolate. Of these, 1 patient had fungal colonization of necrosis with the organism isolated being Candida albicans. All patients in this series received broad-spectrum antibiotic therapy with imipenem/ cilastin (primaxin; MSD, Hoddesdon, Hertfordshire, United Kingdom) being the most commonly prescribed and 19 (68%) received antifungal therapy.
Indications for Surgery
Open necrosectomy was undertaken because of positive FNA results in association with clinical evidence of an ongoing systemic inflammatory response in 15. Thirteen patients (46%) underwent surgery without FNA evidence of infected necrosis. Six of these 13 underwent surgery because of CT-evidence of lesser sac gas with semi-solid debris combined with clinical evidence of an ongoing systemic inflammatory response. In these 6, 4 had undergone previous unsuccessful percutaneous radiologic drainage and 2 had previous attempted endoscopic ultrasound-guided drainage abandoned due to endoscopic ultrasound-demonstration of debris. Of the remaining 7 patients who underwent necrosectomy without FNA evidence of infected necrosis, the indications for surgery were: suspected ischemic colon in 3, suspected ischemic small intestine in 1, small bowel obstruction adherent to left paracolic extension of necrosis in 1, hemorrhage from a splenic artery pseudoaneurysm after radiologic drainage in 1, and intra-abdominal compartment syndrome in 1.
Operative Necrosectomy
The median delay between admission to our unit and necrosectomy was 34 (5-149) days. A midline incision was used in 17 patients (61%) and a transverse approach in 11. There was no change in the use of midline or transverse for approach during the study period. Eleven (39%) underwent synchronous cholecystectomy. A feeding jejunostomy was inserted in 16 (56%).
The median number of operations was 1 (1-6). Twelve patients (43%) required a second operation. Indications for reoperation included repeat necrosectomy in 5, enteric fistulae in 6, and bleeding from a splenic artery false aneurysm in 1.
Radiologic Drainage Before Open Necrosectomy
Percutaneous radiologic drainage before open necrosectomy was undertaken in 20 (71%). The median (range) number of radiologic drainage procedures undertaken before surgery was 1 (0 -6).
Radiologic Drainage After Open Necrosectomy
Fluid collections requiring radiologic drainage after necrosectomy occurred in 15 (54%). The median (range) number of radiologic drainage procedures undertaken after necrosectomy was 0 (0 -3).
Critical Care Management
Inotropic support was required in 18 patients with the median duration of use being 4 days (range 0 -43 days). Respiratory support in the form of positive pressure ventilation was required in 14 patients with the median required duration being 14 days (range 0 -74 days).
Outcome
Postoperative pancreatic fistula developed in 4 patients. Median level II critical care occupancy was 7 (0 -73) days and median level III critical care occupancy was 11 (0 -80) days. Median in-hospital stay was 84 (28 -198) days.
Thirty-day mortality occurred in 2 (7%). However, 4 further deaths occurred in patients after discharge from level III intensive care onto either level II (high-dependency), general surgical wards or rehabilitation facility resulting in a total of 6 (22%) episoderelated deaths. These 4 deaths were related to sequelae of severe acute pancreatitis and comprise: (i) Clostridium difficile colitis requiring subtotal colectomy (and subsequent death), (ii) cerebral infarction, (iii) intestinal failure and refractory sepsis after colonic resection (for ischemic colon), and (iv) refractory respiratory failure in a patient requiring dialysis after acute pancreatitis.
Outcome in the Reference Population of 1535 Patients With Acute Pancreatitis
Of the 1535 patients with final discharge codes of acute pancreatitis 57 (3.7%) died in hospital. These deaths include the 6 patients dying after open necrosectomy. Of the remaining 51 pancreatitis-related deaths, 3 died after percutaneous drainage of pancreatic abscesses without surgery (1 patient with schizophrenia, 1 with coexistent liver cirrhosis, and ascites and 1 with immunocompromise).
DISCUSSION
Severe acute pancreatitis remains a major healthcare burden. With the exceptions of prophylactic antibiotics for patients with pancreatic necrosis 11 and early ERCP in patients with obstructive acute biliary pancreatitis, 12 there are no specific therapies for acute pancreatitis. Although only a minority of patients with acute pancreatitis have the most aggressive form of the disease, severe acute pancreatitis is a potentially lethal condition and mortality rates of up to 40% have been reported from this condition. 4 Early death can occur as a result of refractory multiple organ failure whereas late death is often related to intra-abdominal sepsis. 4 In this context, pancreatic necrosectomy is a critical intervention. 13 As our dataset shows, it is not frequently required-only 28 of our 1535 patients underwent necrosectomy. However, patients with pancreatic necrosis requiring surgery represent a critically ill group with high risk of complications and adverse outcome.
As the traditional operation of open necrosectomy produced a considerable additional surgical insult, minimally invasive approaches have become popular over the last decade. 1 The management of pancreatic necrosis is an area of rapid change in surgery and it is likely that treatment modalities will continue to evolve. 1 In this context, the present dataset provides important comparative information. It is necessary to have outcome data from contemporary open necrosectomy series to compare with the results of the minimally invasive approaches.
Our data show that the patient cohort represents an acutely ill group with median admission APACHE II scores of 10.5. In keeping with contemporary pancreatitis management, FNA was used as a mainstay in guiding selection of patients for treatment. Although antibiotic prophylaxis for severe acute pancreatitis remains controversial, all patients in the present series had antibiotic cover during their critical care unit admission.
11
Open necrosectomy practice has evolved in reflection of the philosophy of minimally invasive necrosectomy. In our practice, 71% (20) patients underwent radiologically guided drainage of collections before any surgical intervention. Although we did not follow the protocol of the current Dutch multicenter study, the combination of preoperative percutaneous drainage followed by open necrosectomy does reflect the step-up approach used in their trial. 5 In relation to the surgical conduct of open necrosectomy, the median delay from admission to surgery was 34 (5-149) days and the aim of surgery was blunt debridement of necrosis together with drainage of fluid collections. Eleven of the 14 patients with gallstone pancreatitis had synchronous cholecystectomy with the gallbladder being left in situ in nonbiliary acute pancreatitis.
The approach of debriding the necrotic tissue with minimal concomitant intervention may be reflected in the finding that the median postoperative LODS score was 2 compared with 3 before surgery. Although this difference was not statistically significant, it reflects a different pattern of organ dysfunction from the worsening of organ failure conventionally observed after open necrosectomy and is more reflective of that seen after minimally invasive procedures. 14 Minimally invasive necrosectomy is characterized by the need for multiple interventions.
1,2 Part of this is related to the pathobiology of pancreatic necrosis in that ongoing necrosis of tissues in the retroperitoneum probably produces further necrosis even after successful debridement. 15 In the present series, open necrosectomy provided a single-step debridement of necrosis in 16 (58%). Periprocedural interventional radiologic drainage is an important adjunct to management as the majority of patients underwent at least 1 percutaneous drainage procedure before surgery and 15 patients underwent postoperative percutaneous drain placement. These adjunctive drains address loculated residual fluid collections or areas of evolving necrosis. Second operations tend to be reserved for patients who develop specific serious complications of pancreatic necrosis such as ischemic colon or fistula.
Our results are reflective of similar outcomes seen in the large series reported by Fernandez-del Castillo. 16 Of their 2449 patients admitted with acute pancreatitis over a 15 year period, 6.8% (167) required open necrosectomy. Direct comparisons are difficult as their operation rate 6.8% (167 of 2449 admissions) is much higher than the 1.8% (28 of 1535 admissions) in the present report. Furthermore, the median admission APACHE II scores in our series are worse than those in the Massachusetts General Hospital series. It may therefore be that more patients with lesser patterns of disease severity underwent surgery in the Massachusetts General Hospital series and could account for their overall operative mortality of 11.4%. In fairness, differences in mortality could also be produced by differences in patient demographics and clinical expertise.
The present results confirm that 30-day mortality is insufficiently accurate for reporting outcome from pancreatic necrosectomy. In our series, there was a 30-day mortality of 7% (2 deaths) but this does not reflect the true episode-related mortality which was 21% (6 deaths).
In summary, the clinical care of patients with severe acute pancreatitis remains a formidable challenge in current healthcare. Patients have a benign, "curable" condition but yet one that carries a high risk of death or prolonged in-patient care. Multidisciplinary management with close liaison between clinicians in surgery, intensive care and radiology is a cornerstone for practice. Although it is likely that minimally invasive necrosectomy, now established, will increase in use and prevalence, outcomes should be compared with those achieved by contemporary series of open pancreatic necrosectomy.
